This study was performed to isolate fowl adenovirus (FAdV) circulating in commercial meat-type chicken in Egypt during 2015 and to identify the pathogenicity of the isolated virus. Cloacal swabs were collected from 9 commercial broiler farms from chickens of 3-5 wk of age in Behira province in Egypt during 2015. FAdV was isolated on chicken embryo liver cells. The virus was identified by conventional polymerase chain reaction targeting a conserved region in the hexon gene. Moreover, phylogenetic analysis of the L1 loop of the hexon gene revealed that the isolated viruses clustered with reference strains belonging to FAdV serotype 8a. This is the first record of FAdV from Egypt on the GenBank. The isolated virus is closely related to strains directly associated with inclusion body hepatitis (IBH) causing considerable economic losses. Pathogenicity study of the virus did not show any mortality, although necropsy and histopathological examination displayed severe hepatitis and degenerative changes in the immune system after 5 d from infection, proving that the virus can cause IBH with intermittent shedding.
INTRODUCTION
Members of the family Adenoviridae have been isolated only from vertebrates (from fish to human). Recent bioinformatics analysis of the family genome sequences defined 5 clades corresponding to previously classified genera: Mastadenovirus, Atadenovirus, Siadenovirus, Aviadenovirus and Ichtadenovirus (Berk, 2007; Fitzgerald, 2013) . The genus Aviadenovirus includes the conventional group 1 avian adenovirus (Smyth and McNulty, 2008) , which are important chicken adenoviruses that are also classified into 5 different species (A-E), into which all the previous 12 European serotypes (fowl adenovirus [FAdV] 1-8a and 8b-11) have been placed (Hess, 2013) .
Although FAdV has been isolated from almost every part of the world from apparently healthy flocks, even those with exceptionally high levels of production and fertility, it has been also isolated from sick birds. These were suffering from different clinical signs that varied from respiratory signs to depressed egg C 2018 Poultry Science Association Inc. Received January 23, 2018. Accepted June 27, 2018. 1 Corresponding author: mounir381@yahoo.com production, arthritis/tenosynovitis, uneven growth or even enteritis with variable degrees of mortality (Adair and McFerran, 2008) . This variation in disease association makes it difficult to assess the economic importance of the FAdV or even its direct role as primary pathogens (Hess, 2013) . However, the very virulent FAdV-4 (species C), which appears to have a more serious role than others in the etiology of hydropericardium syndrome, leads to high mortality that varies from 20% to 80% (Asthana et al., 2013) . Some FAdV-1 strains (species A) cause gizzard erosion associated with growth retardation, while other strains can cause serious liver injury and play an important role in the disease condition known as inclusion body hepatitis (IBH). All the previous data strengthen the role of some FAdV strains as primary pathogens (Hess, 2013) .
IBH caused by FAdV of almost all serotypes was reported in different geographical regions. Certain serotypes, mainly those belonging to species D or E (serotype 2, 3, 6, 7, 8a, 8b, 9 and 11) , are directly associated with IBH and mainly infect broilers. The infection may start at as young as 7 d of age, causing sudden onset of mortality that ranges from 5% to 10%, peaking after 3-4 d and usually stopping on day 5; however, the course of the disease occasionally continues for 2-3 wk and is associated with intra-nuclear inclusion 97 Hexon/589 bp  Hex L1-s  301-323  5 -ATGGGAGSACCTAYTTCGACAT-3  Hex L1-as  890-868  5 -AAATTGTCCCKRAANCCGATGTA-3 bodies in the hepatocytes and pale swollen liver with hemorrhages (Adair and McFerran, 2008; Hess, 2013) . The great variation in the mortality rate associated with FAdV is due to the degree of virus pathogenicity, presence of secondary infections and chickens' susceptibility (Grgic et al., 2011) . FAdV has never been isolated or even recorded by any means of molecular characterization before in Egypt neither in commercial nor live bird market. This is spite it has been reported worldwide and clinical cases of IBH and hydropericardium syndrome continue increase in the world, provoking substantial economic losses in various geographical areas (Zhao et al., 2015) . Furthermore, none of the poultry flocks is vaccinated against FAdV. Accordingly, the aim of this study was to identify the presence of FAdV in commercial poultry farms in Egypt and to study the pathogenicity of the virus following oropharyngeal administration. The information is fundamental to monitor and establish a better control strategy for FAdV in Egypt.
MATERIALS AND METHODS

Detection and Isolation of FAdV in Commercial Broiler Farms
The Samples Cloacal swabs (90 swabs; 10 from each flock) were collected from 9 commercial broiler flocks, aged 3-5 wk, located in Behira province, Egypt, during 2015. The flocks were suffering from mortality ranging from 7% to 17% with the European performance index ranging from 143 to 212. There were clear signs of ascites, liver enlarged and fibroses. These commercial broiler flocks were obtained from the same breeder farm that was suspected to be infected with IBH.
The swabs were dissolved in 1 mL normal saline having a pH of 7.4, containing the following: (100,000 IE/mL) penicillin, (1 mg/mL) streptomycin, and (50 μg/mL) gentamycin. The samples were clarified by centrifugation at 700 × g for 10 min, and the supernatant was collected and filtered using syringe filters with 0.2-μm pore size.
Nucleic Acid Extraction Total viral nucleic acid was extracted from 200 μL of the supernatant using QIAamp MinElute virus spin kit (Qiagen, Valencia, CA, USA; Cat. No. 57, 704) following the manufacturer's protocol.
Oligonucleotide Primers The forward primer (HexL1-s) and reverse primer (HexL1-as) used in this study correspond to a conserved region in the L1 region of the hexon gene, previously described by Raue et al. (2005) and are listed in Table 1 .
Polymerase Chain Reaction Amplification of the target DNA sequence was implemented in a reaction volume of 50 μL containing 5 μL DNA template (corresponding to 10% of the total reaction volume), 1 μL of 10 μM each forward (HexL1-s) and reverse (HexL1-as) primers, 25 μL 2X DreamTaq green polymerase chain reaction (PCR) master mix (Fermentas, St Leon-Rot, Germany; Cat. No. K1081), and 18 μL nuclease-free water. The PCR cycling profile required 1 initial denaturation cycle of 4 min at 94
• C, followed by 35 amplification cycles of 45 s for denaturation at 94
• C, 45 s for annealing at 51
• C, and 1 min for extension at 72
• C and a final extension step at 72
• C for 10 min. The amplified PCR products were electrophoresed in 1.5% agarose gel stained with ethidium bromide and visualized under ultraviolet transillumination.
Virus Isolation
The supernatant was used for the inoculation of confluent monolayers of chicken embryo liver (CEL) cells prepared from 14-to 16-d-old specific pathogen-free (SPF) embryos and incubated for 3-4 d until an intensive cytopathogenic effect (CPE) was observed. The supernatants were collected and stored at -80
• C until used for DNA extraction.
Identification of FAdV
DNA Sequencing The DNA of FAdV showing CPE in virus isolation was amplified by PCR using same procedures previously described. The PCR products were purified using the PureLink PCR purification kit (Invitrogen, Carlsbad, CA, USA; Cat. No. K310001) according to the manufacturer's instructions. The eluted PCR products were directly sequenced using a BigDye Terminator kit (version 3.1; Applied Biosystems, Foster City, CA, USA) on a 3130 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). The forward (HexL1-s) and reverse primers (HexL1-as) were used as sequencing primers. The new sequences were submitted to the GenBank database under the following accession numbers: KT781516 for MMR-B15 and KT781517 for MMR-T1.
Sequence and Phylogenetic Tree Analysis Assembly and analysis of sequences, nucleotide sequence alignment and the subsequent phylogenetic analysis with representative reference FAdVs strains' hexon sequences from the 12 serotypes according to the international nomenclature (International Committee on Taxonomy of Viruses), previously published by Steer et al. (2009) and Schachner et al. (2016) , retrieved online from the GenBank database (http://www.ncbi.nlm.nih.gov/), were performed using BioEdit (Tom Hall, Ibis Biosciences, Carlsbad, CA, USA) and Clustal W multiple alignment method.
The subsequent phylogenetic analysis was implemented using Molecular Evolutionary Genetic Analysis version 6.0 constructed by the maximum likelihood method based on the approximately 590-bp region corresponding to nucleotides 301-890 of the hexon gene and was used to show the clustering of the distinct species on the basis of their hexon loop sequences.
Pathogenicity of The Isolated Virus
The similarity index of the amplified and sequenced region between the identified strains MMR-B15 and MMR-T1 was 97.3%. Therefore, 1 sample (MMR-B15) was selected for pathogenicity evaluation by observing the mortality, gross, and histopathological examination of birds.
Experimental Study One hundred layer SPF Lohmann chicks both males and females were received at day old and maintained in a clean area to study the pathogenicity of the virus. All applicable international, national, and/or institutional guidelines for the care of animals including those of the institutional animal care and use committee (IACUC) were followed. At 4 d of age, the birds were randomly divided in 2 groups: 30 birds in the control group and 70 in the test group. Birds were infected with 10 4 50% tissue culture infective dose (TCID 50 )/ml of isolate MMR-B15 through the oral/nasopharyngeal route. All birds were observed daily for clinical signs and mortality. At 3, 5, 7, 9, 19, 22, 28, and 35 d post infection (dpi), 3 birds from the test group were euthanized and liver, spleen, bursa, lung, pancreas and cloacal swabs were collected. Portions of the tissue samples were placed in 10% formalin for histopathological examination, and the rest of the liver samples were pooled and stored at -20
• C for DNA detection using PCR. Cloacal swabs were pooled and treated as previously described.
Viral DNA Detection in Liver Samples and Cloacal Swabs Total DNA was extracted from the cloacal swabs as previously described, while the total DNA was extracted from 25 mg of liver tissues using QuickgDNA MiniPrep (Zymo research, California, USA; Cat. No. D3024) following manufacturer's protocol. Amplification of the target DNA sequence was implemented using same protocol and conditions previously described.
Histopathology Liver, spleen, bursa, lung, and pancreas specimens were collected and preserved in 10% neutral buffered formalin and processed by routine paraffin embedding technique. Sections of 4-5 μm thick sections were prepared and stained with hematoxylin and eosin and examined under light microscope for FAdV infection-associated lesions. broiler farms under the survey study were positive for virus detection by PCR. In addition, the oligonucleotide degenerate primers used in this study specifically amplified a product of the predicted size of approximately 590 bp of the hexon gene's L1 loop without any other non-specific products.
RESULTS
Detection of FAdV in Commercial Broiler
Virus Isolation
The 2 samples under examination were positive for virus isolation showing various degrees of CPE on the CEL as early as 24 h post infection (Figure 1 ).
Identification of FAdV
Phylogenetic Analysis Based on a Hexon Gene Sequence On the basis of the reference strain's hexon gene sequence and the sequence of the PCR product, a phylogenetic tree was generated to confirm the clustering of the distinct species. From their hexon loop sequences, the isolated viruses in Egypt during 2015 were both closely related to a strain previously classified as serotype FAdV-8a (Figure 2) . and reference strains from GenBank (the GenBank accession number of each nucleotide sequence is mentioned beside the name of the strain). The name of the serotype is mentioned before the name of the strain.
Pathogenicity of Isolated Virus
Gross Pathology At 5 dpi, severe hepatitis was observed on necropsy (Figure 3) , with mosaic appearance and clear fine edges of the liver.
Histopathology Observation of the photomicrographs revealed that all examined liver samples showed massive histopathological lesions with degenerative changes in hepatocytes including vascular degeneration and dilation of hepatic sinusoids that started as early as 3 dpi ( Figure 4A ). Admixed with lytic necrosis in multifocal areas, other samples contained amphiphilic to basophilic intra-nuclear inclusion bodies that filled and expanded the nucleus of hepatocytes at 5 dpi ( Figure 4B-D) . Multifocal lytic necrotic and portal areas were infiltrated by mononuclear inflammatory cells at 7-9 dpi ( Figure 4E and F) . Additionally, large fat globules were observed 9 dpi ( Figure 4G ). Lesions started early at 3 dpi and were clearly observed at 5, 7, and 9 dpi, while most lateral sections revealed normal architecture of the hepatic cord, except few mononuclear cells that infiltrated some specimens ( Figure 4H ). Large areas of necrosis characterized by loss of pancreatic tissue and replacement by cytoplasmic and nuclear debris with some heterophilic infiltration involving acinar tissue were observed in the pancreas at 3, 5, and 7 dpi. Several acinar cells around the lesion contained large deeply basophilic, intranuclear inclusion bodies that were typical of adenovirus infection ( Figure 4I ). At 3, 5, and 7 dpi, the bursa of fabricius of the adenovirus infected group showed atrophy of lymphoid follicles with lymphocytic depletion and expansion of interfollicular spaces due to edema with some inflammatory cells ( Figure 4J ). Spleen showed diffuse lymphoid depletion in the white pulp with presence of few intranuclear inclusion bodies ( Figure 4K ). Moreover, lungs from different specimens showed severe lymphoid depletion at bronchial level ( Figure 4L ) with the presence of intranuclear inclusion bodies in the epithelial lining of the primary and secondary bronchi in association with mild interstitial pneumonia. 
Viral DNA Detection in Tissues and Cloacal
Swabs Viral DNA was detected in liver and cloacal swabs by PCR. Viral DNA could be detected in the liver from 3 dpi and persisted for 35 d, while detection of the viral DNA in the cloacal swabs was intermittent as shown in Table 2 .
DISCUSSION
Avian viruses such as avian influenza virus (Arafa et al., 2016) , Newcastle disease virus (Radwan et al., 2013) , infectious bursal disease virus (Mohamed et al., 2014) , and infectious bronchitis virus (Abozeid et al., 2017) are known to be endemic in Egypt. Such viruses cause severe economic losses and mortality in the poultry industry in Egypt. The immunosuppressive potential of FAdV, causing reduced humoral and cell mediated immune response to other antigens and vaccines, has been well documented (Singh et al., 2006; Schonewille et al., 2008) . The lack of awareness and the presence of FAdV as a possible primary pathogen especially in broilers (Schachner et al., 2017) might be one of the causes for the exacerbation of other diseases, increasing losses in the poultry industry in Egypt. In 2017, Schachner et al. (2017) reported the presence of IBH in Egypt without further details on the virus strain.
The examined broiler flocks were positive for FAdV at 5 wk of age, as determined by isolation and PCR, confirming previous findings in meat-type chicken at a similar age (Adair and McFerran, 2008) . The relatively low detection rate of FAdV in the examined flocks may be explained by the use of a conventional PCR, which is less sensitive when compared with virus isolation and real-time PCR (Günes et al., 2012) .
As demonstrated in Figure 2 , the sequence obtained from the isolated viruses was closely related to that of the reference strain TR-59, which belongs to species E, serotype 8a. TR-59 is one of the viruses considered to be a primary pathogen associated with IBH. And a strain of this serotype (FAdV-8a) has been reported by Mase and Nakamura, 2014 to cause gizzard erosion notable economic losses. The isolated viruses were also closely related to isolates from Spain and France which were known to cause liver lesions and hydropericardium in both broiler and breeders with mortality ranging from 5% up to 20% under field condition (Schachner et al., 2016) . FAdV-8a is widely spread worldwide and was reported in the USA, Australia, Malaysia, New Zealand, Canada, France, Mexico, Italy, Belgium, Hungary, China, Poland, Spain (Schachner et al., 2017) .
No mortality was recorded in the infected group, although gross and histopathological examination of the birds revealed severe hepatitis with basophilic intra-nuclear inclusion bodies. It is known that the pathogenicity of FAdV may cause subclinical infections to severe disease (Zhao et al., 2015) . The infective dose used in this study was chosen based on a study performed by Dhillon et al. (1982) and Dhillon and Winterfield (1984) . The same infective dose given either alone or as a coinfection with other pathogens did not result in mortality in the infected birds. When the infective dose was increased to 10 7 TCID 50 in SPF chickens, the mortality was only 2%-3% (Nakamura et al., 2000) and maximum 10% (Schachner et al., 2017) ; other studies showed that the mortality from FAdV-8a can reach 100% (Nakamura et al., 2000; El-Attrache and Villegas, 2001) . The findings in this study were thus in accordance with that of other researchers.
The presence and severity of hepatic lesions were used to define the 3 stages of the disease: incubation (1-3 dpi), degeneration (4-7 dpi), and convalescence (14 dpi) periods (Steer et al., 2015) . These histopathological results are in agreement with those reported by Wilson et al. (2010) who mentioned that the livers from affected birds exhibited variable and randomly distributed regions with multifocal hepatocellular necrosis and vacuolar degeneration associated with the occurrence of large basophilic intra-nuclear inclusion bodies. The results were also similar to those obtained by Matos et al. (2016b) who reported that inclusion bodies were mainly observed between 6 and 9 dpi in infected groups, with different FAdV strains. The histopathological findings of adenovirus infection in both experimental and field studies showed large areas of cellular degeneration and necrosis, lymphoid infiltration, and inclusion bodies which is the common picture observed in the liver of chickens suffering from IBH (Schachner et al., 2017) .
As observed in this study, in addition to the hepatitis it is also possible to observe aviadenoviral pancreatitis with the presence of intranuclear inclusion bodies. This has been described in outbreaks by different FAdV serotypes in several countries in recent years (Nakamura et al., 2000 (Nakamura et al., , 2011 Oliver-Ferrando et al., 2016) . Most severe histological changes in infected birds were recorded at 3-7 dpi, and these findings come in continuity with similar study on IBH experimentally induced by oral inoculation of SPF broilers and layers at day old with either a FAdV-D or a FAdV-E strain (Matos et al., 2016a) . Previous study on field strains of FAdV showed similar lesions observed in bursa and spleen between 4 and 7 dpi (Steer et al., 2015) . Matos et al. (2016b) also proved that the FAdV-E is much more virulent and cause severe damage in SPF broilers than in SPF layers. It is believed that the Kupffer cells phagocytose the viruses passing in the circulation, which subsequently multiply in hepatic cells, causing liver damage (Saifuddin and Willks, 1991) . The presence of the intranuclear inclusion bodies in the liver, pancreas, and spleen is clear evidence on the replication of adenovirus in these sites (Cook, 1983) . The degenerative changes caused by the FAdV in the spleen and bursa, organs which are important for both cellular and humoral immune response, besides depletion of the mucosal immune system in the respiratory tract, raise the possibility of infection with other avian pathogens. The pancreatic lesions caused by FAdV seem likely to weaken the function of this organ resulting in inappropriate carbohydrate and lipid metabolism and which results in poor performance in infected flocks (Grimes et al., 1978) . The results of this study are clear evidence that FAdV isolate MMR-B15 can cause IBH following oral/nasopharengial infection with intermittent shedding of the virus in the feces. This is the first study in which the isolation, identification, molecular characterization, and the pathogenicity of an Egyptian FAdV isolate have been done. As phylogenetic analysis of the FAdV hexon gene of the isolated virus proved that it closely related to a strain previously classified as serotype FAdV-8a, which had not been reported in Egypt before. Subsequently, molecular epidemiological investigation is a direct tool to assess the current FAdV condition towards developing an immediate disease control strategy. Intensive research and field studies are conducted in several countries, to identify the presence of FAdV, and the consequences infections have resulted in the use of inactivated vaccines. Until now, there has been no focus on presence of the IBH in Egypt. This study is just a starting point for further investigations on the epidemiology of FAdVs in Egypt, the pathogenicity of the isolated viruses and the potential association with other pathogens and managemental factors that may enhance their virulence.
